Ag Nanoencapsulation for Antimicrobial Applications by Abram, Sarah-Luise et al.

	

 <2%8 <8 8 8 <2//
0,G!<=,CJ 2% <,2F<) !4<C/!0C 2% *!/,=C<J
*!/,0  F F="! 1 +3?LL <,2F<)
+/,. -C*<,08%<2//F0,%<8*
  $"  "
" 
<*+F,=! </> 
,0C*! )020 ) .!0 <,!! !..J "<F.C 0 C*<,0 8 <2//
 ,2/C!<,.+<!.C! ,0%!C,20= <!/,0  =,)0,%,0C *..!0)! ,0 /! ,,0!8 0C,/,<2,. /C!<,.= 20 C*!
=,= 2% ) 0024<C,.!= <!4<!=!0C  4<2/,=,0) =2.FC,20 %2< C*,= ,==F!8 *!<!%2<! =!G!<. )+20C,0,0) 00220+
C,0!<= 0 002<CC.!= *G! !!0 =J0C*!=,K! 0 *<C!<,K! C*C !I*,,C <!/<-.! 20C<2. 2G!< C*! <!.!=!
2% ): = 0C,/,<2,. C,G! =4!,!=8 *!,< ,2.2),. !G.FC,20 ),0=C 4<2-<J2C, = H!.. = !F-<J2C, !..=
<!G!.= C*C C*!J %F.%,.. C*! 4<!<!;F,=,C!= %2< 44.,C,20= = 0C,/,<2,. ,/4.0C 2C,0)=8
&%  0C,/,<2,. C,G,CJ 9 	/4.0C ,0%!C,20= 9 0220C,0!<= 9 02<CC.!= 9 ,.G!< 0024<C,.!=
"$"   
""
$" " " " 
14R&F /G &&6 PG&$ *8F 1MG &6&*1!14
;F8;&FM1&G *8F 56U U&FG# %% M8 ;F&G&FR&
$F16316. SM&F *F85 51!F814 !86M5160
M186? 8$U# M/& 16M&F&GM 16 G14R&F G 6 6M10
51!F814 .&6M F&!PFG 16 M/& !86M&TM 8*
M/& 16!F&G16. F&G1GM6!& 8* ;M/8.&6G M8
M/& OWM/ !&6MPFU 6M118M1!G?: P4M1$FP.0
F&G1GM6M 51!F8&G F& GPF;F1G16.4U GPG0
!&;M14& M8 . G 1MG 6M151!F814 !M186 1G
G&$ 86  RF1&MU 8* 5&!/61G5G#O 58GM
8* S/1!/ F& F&4M&$ M8 .@ 186G M/M 16M&F0
!M S1M/ 5168 !1$G 8F # 16/11M16.
M/& F&G;1FM8FU !/16 8F 48!316. M/& F&0
;F8$P!M186? 8F5M186 8* F&!M1R& 8TU.&6
G;&!1&G 6$ $1F&!M $5.& 8* M/& !&44 5&50
F6&G F& 4G8 P6$&F $1G!PGG186?
&M441! G14R&F F&4&G&G .@ 186G *F85
M/& GPF*!& 16 ;F&G&6!& 8* 8TU.&6? /1G
&**&!M !6 & &6/6!&$ U 16!F&G16. M/&
FM18 8* GPF*!& M8 P43 M85G# PG16. .
668;FM1!4&G <.=? .0G&$ 60
M151!F814 !8M16.G G/8P4$ ;8GG&GG M/PG
;F8;&FM1&G M8 *1./M 15;46M F&4M&$ 16*&!0
M186G G M/&G& F& 8*M&6 !PG&$ U 5P4M10
F&G1GM6M !M&F1 GMF16G?N P!/ !8M16.G
5PGM GP;;8FM M/& DF!& *8F M/& GPF*!&E#
/&6!& ;F&R&6M M/& !M&F14 MM!/5&6M M8
M/& 15;46M GPF*!& S/14& ;F858M16. M/&
16M&.FM186 8* M/& $&R1!& 16M8 /&4M/U M1G0
GP&?- 	* 68M# $/&F16. !M&F14 !&44G S144
*8F5 18*145G M/M F& $1**1!P4M M8 &F$1!M&#
6$ M/& G8 16*&!M&$ 15;46M 6&&$G M8 & F&0
58R&$ 6$ F&;4!&$ *M&F M/& 16*&!M186 /G
!4&F&$? &$1!4 ;F8.F&GG 6$ 16!F&G16.
6P5&FG 8* 15;46M 8;&FM186G S144 &60
/6!& M/& G1.61*1!6!& 8* M/1G ;F84&5?
6& !/44&6.& 16 M/& $&R&48;5&6M 8*
G14R&F0G&$ 6M151!F814 !8M16.G 1G M/&
!86MF84 8R&F M/& .@ 186 F&4&G&# S/1!/
G/8P4$ & 486.04GM16. 6$ /1./ &68P./ M8
516M16  18!1$4.@ 4&R&4 M8 ;F&R&6M M/&
$&R&48;5&6M 8* F&G1GM6!&# PM 48S &68P./
M8 &6GPF& .88$ 18!85;M1141MU S1M/8PM
$R&FG& &**&!MG? 6M151!F814 !8M16.G
G&$ 86 .@ !88F$16M186 !85;8P6$G, 
$&R&48;&$ 16 M/& F855 .F8P; /R& G/8S6
&T!&44&6M ;8M&6M14 *8F M/& G/8FM0M&F5 MF&M0
5&6M 8* 15;46M GG8!1M&$ 16*&!M186G# %%
*8F ;&F18;&FM1R& 16*&!M186G S1M/ $1**&F&6M
GM;/U48!8!!1J 6$ 16 GU6&F.1GM1! !M186G
S1M/ MF$1M1864 6M118M1!G?I 8S&R&F#
486.&F04GM16. ;F8M&!M186 .16GM M/& 4M&F
;8GG14& /&5M8.&68PG 16*&!M186G F&516G
!/44&6.16. S1M/ M/&G& !8M16.G? 6& SU
M8 8R&F!85& M/& 1GGP& 8* *GM F&4&G& 310
6&M1!G 1G M/& PG& 8* . S/&F& 8T1$M1R&
$1GG84PM186 1G F&AP1F&$ M8 *P44U &T/PGM
M/&1F 6M151!F814 ;8M&6M14? /1G ;F8!&GG
$&;&6$G 86 M/& &6R1F865&6M <;# 1861!
GMF&6.M/# 8F.61! .F8P;G M/M 16M&F!M S1M/
.@= 6$ 51./M & *PFM/&F !86MF844&$ U
F&GMF1!M16. M/& !!&GG M8 M/& . GPF*!&?
/1G !6 & !/1&R&$ U 16M&.FM186 8*
. 16M8 18!85;M14& 668GMFP!MPF&G#
%% 668!86M16&FG <= !6 & 48$&$ 8F
$8;&$ S1M/ .@ 8F . <%% G&& 1.? :=#
;8F8PG G/&44G !6 & .F8S6 F8P6$ .
F&GP4M16. 16 !8F&0G/&44 ;FM1!4&G# 8F .
!6 & &6!;GP4M&$ 16G1$& 668FMM4&G <
8F U8430G/&44 ;FM1!4&G# %% G&& 1.? -=?( 
6!;GP4M186 8*  ;F&R&6MG M/&1F .0
.F&.M186K!84&G!&6!& 6$ ;F&G&FR&G M/&1F
*P6!M18641MU?  6$  8**&F $$1M1860
44U  !86*16&$ G;!& S1M/ !86MF844&$ &6R10
F865&6M M/M 1G $R6M.&8PG *8F ;;41!0
M186G 16 !M4UG1G G 668F&!M8FG 8F 16 $FP.
$&41R&FU U ;F8R1$16. G;!& *8F *PFM/&F !0
M1R& !85;8P6$G# %% 16 M/&F68GM1!G?7 /&
G/&44 5M&F14 *PFM/&F 8**&FG SUG *8F GPF0
*!& *P6!M18641VM186 M8 &64& !8R4&6M
MM!/5&6M M8 185M&F14G 8F 16!4PG186 8*
MF.&M16. 581&M1&G?
/& GU6M/&G1G 8* /8448S 668GMFP!MPF&G
GP!/ G  6$  !6 & F8P./4U $1R1$&$
16M8 M/F&& ;;F8!/&G *8F M/& R81$ !F&M186"
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M14 *8F .@ F&M&6M186 1G MMF1PM&$ M8 58F0
;/8PG1O G/&44G? 	6$&&$# 4F&$U *M&F 86&
$U# M/& .@ 186 F&4&G& *F85 58F;/8PG
.0&O1O 16 SM&F GM.6M&G *M&F
6 161M14 PFGM !8FF&G;86$16. M8 I SM> 8*
M/& M8M4 . !86M&6M <G&& 1.? O=# S/1!/
SG MMF1PM&$ M8 G544. M/M 51.FM&$
M8 M/& GPF*!& 8* M/&  $PF16. GU6M/&G1G?
*M&F M/F&& 586M/G 8* G14R&F F&M&6M186# M/&
M8M4 F&51616. . 8* M/& G5;4&G SG F&0
4&G&$ U $$1M186 8* !86!&6MFM&$ 61MF1!
!1$? /1G G/8SG M/& ;8M&6M14 *8F 6 860
$&56$# MF1..&F&$ F&4&G& 8*.@ 186G *F85
M/& !86M16&FG 864U 16 ;F&G&6!& 8* !M&F1#
G 56U 51!F814 G;&!1&G M&6$ M8 !1$1*U
M/&1F &6R1F865&6M?:7 
/& 6M151!F814 &**1!!U SG R&F1*1&$
*8F 44  U .F $1**PG186 GGUG PG16.
7W 5. ;&44&MG 86 % # !P4MPF&G? /&U
G/8S&$  !4&F 6M151!F814 &**&!M U R1G0
14& 16/11M186G V86&G F8P6$ M/& ;&44&MG
<1.? N=? /& &TM&6M 8* !M&F14 16/11M186
*8448SG M/& MF&6$ 8* M/& 5M&F14G M8 F&4&G&
.@? P& M8 M/& /1./&F F&4&G& *F85 M/&
.N0&O  M/&1F 16/11M186 V86& SG
4F.&F <- 55 RG? O 55= M/6 *8F .0&O?
&G;1M& M/& &T!&;M1864 !86MF84 8R&F M/&
.@ 186 F&4&G& &R&6 *8F .0&O1O
 G544 16/11M186 V86& !8P4$ & $&M&!M&$
<W?, 55=?
G M1M61 G/&44G $&586GMFM&$ GP!/
&**1!1&6M !86MF84 8R&F M/& .@ 186 F&4&G&
M/& G5& GU6M/&M1! ;;F8!/ SG PG&$ M8
GU6M/&G1V& ;PF& 1O ?:J /& &5P40
G186 ;84U5&F1VM186 F&GP4M&$ 16 :7W 65
 G;/&F&G M/M S&F& !8M&$ S1M/ 1O U
/U$F84UG1G 6$ !86$&6GM186 8* M1M61P5
1G8;F8;8T1$& G1514F M8 M/& GU6M/&M1! F8PM&
8* 	5/8* <1.? :=?:N &R&F4 SUG M8 F&0
58R& M/&  !8F& S&F& 16R&GM1.M&$? /&
$1GG84PM186 8*  U 41AP1$)G841$ &TMF!0
FM&$ .@ M8 . &!PG& &O !6 &
&G14U ;/8M8G&6G1M1V&$?
G M/& F&4&G& 8* .@ 1G M/& 3&U *!M8F
*8F 6M151!F814 !M1R1MU 1M SG AP6M10
*1&$ U 16$P!M1R&4U !8P;4&$ ;4G5 8;M10
!4 &51GG186 G;&!MF8G!8;U <	0= 8*
GP;&F6M6MG M3&6 *F85 .N)&O 150
5&FG&$ 16 SM&F? *GM PFGM F&4&G& S1M/16
, $UG SG *8448S&$ U  N S&&3 ;&F18$
8* G48S F&4&G& <G&& 1.? O=? *M&F % -
S&&3G M/& !P5P4M1R& .@ F&4&G& F&!/&$
 ;4M&P M 8PM (,> 8* M/& M8M4 . !860
M&6M?
8 ;F8486. M/& .@ F&4&G&# .N
SG F&;4!&$ S1M/ . M/M S&F& GU60
M/&G1V&$ 16 ;F&G&6!& 8* M/&  M&5;4M&
&$G / F&$P!M186 8* .N S1M/ O?:I 
84&G!&6!&# 16$P!&$ U G861!M186# &50
&$$&$ M/& . 16 M/&  G;/&F&G# *840
48S16. S/1!/ M/&G& &$G S&F& !8M&$ S1M/
!&F1? 4!16M186 F&GP4M&$ 16 ;84U$1G;&FG&
.0&O  <:,W 65 ) O 5= S1M/
 . !86M&6M 8* W?WI SM> 6$  !&F1 G/&44
M/1!36&GG 8* :,)OW 65 <G&& 1.? O=? 
!86M16P8PG F&4&G& ;F8*14& 8* .@ 16 SM&F
S1M/ 4&GG M/6 NW> 8* M/& M8M4 . !86M&6M
G&M *F&& *M&F M/F&& 586M/G 53&G M/1G MU;&
8*   ;F851G16. !6$1$M& *8F 486. M&F5
16*&!M186 ;F&R&6M186 <1.? O=?
8 *PFM/&F ;F8486. M/& .@ F&4&G&# M/&
.0&O  S&F& GP2&!M&$ M8 6 $$10
M1864 !8M16. ;F8!&GG S1M/ M1M61 <1.G :
6$ O# =# F&GP4M16. 16 .0&O1O 
S1M/  NW)JW 65 1O 4U&F?:( /&G& 
!8P4$ & GP2&!M&$ M8  !4!16M186 GM&; 16
8F$&F M8 MF6G*8F5 M/& 58F;/8PG !8M16.
16M8  !FUGM4416& 86& <6MG&=? 8F ;PF&
&O1O  M/1G ;F8!&$PF& 16!F&G&$
M/& ;8F& G1V&G 8* M/& 5M&F14 *F85 O), M8
J)( 65? G M/& .@ F&4&G& 1G &T;&!M&$ M8
& 48S&F S1M/ G544 ;8F&G#  /1./&F ;8M&60
/& *1FGM ;8GG1141MU 1G M/& PG& 8* G8*M M&50
;4M&G GP!/ G &5P4G186 $F8;4&MG# GP;F0
584&!P4F 51!&44&G# ;84U5&F1! R&G1!4&G 8F
.G P4&G? /& G&!86$# 58F& S1$&4U PG&$
SU F& /F$ M&5;4M&G# S/1!/ F& *1FGM
!8M&$ S1M/ M/& G/&44 6$ M/&6 F&58R&$ 16
 G&!86$ GM&; U G&4&!M1R& $1GG84PM186 8F
!4!16M186? /&G& G841$ 5M&F14G 16!4P$&
;84U5&FG# 8T1$&G# !F86# 5&M4G 8F !&F50
1!G? &G1$&G M/&G& MS8 .&6&F4 ;;F8!/&G
 M/1F$ !M&.8FU 1G ;F8;8G&$ *8F G80!44&$
DG&4*0M&5;4M16.E 5&M/8$G S/&F& M/& 50
M&F14 8* M/& DM&5;4M&E 6$ M/& G/&44 F&
&1M/&F R&FU G1514F 8F M/& G5&? PF*!&0
;F8M&!M&$ &M!/16.# GMS4$ F1;&616.#
.4R61! F&;4!&5&6M 8F M/& 1F3&6$44 &*0
*&!M F& MU;1!44U GG1.6&$ M8 M/1G .F8P;?:W 
M/&FG 448!M& M/&G& ;F8!&GG&G M8 M/& /F$
M&5;4M& 5&M/8$G F&*&FF16. M8 M/&5 G
G;&!14 DG!F1*1!14E M&5;4M& 5&M/8$G?:: 
 GU6M/&G1G ;M/SU !8P4$ 4G8 !8516&
*&MPF&G 8* G&R&F4 8* M/&G& !M&.8F1&G <%%
51!F8&5P4G186G 6$ G&4*0M&5;4M16.=?:O 
	6 M/1G !86M&TM# $1**&F&6M MU;&G 8* .
;8F8PG 8T1$& 668;FM1!4&G /R& &&6 160
R&GM1.M&$ *8F M/&1F ;8M&6M14 G 6M1510
!F814 15;46M !8M16.G 16 !8FF&4M186
S1M/ M/&1F 58F;/848.U M M/& 668G!4& U
GMP$U16. M/&1F ;F8;&FM1&G 16 1848.1!4 &60
R1F865&6MG? /1G F&R1&S ;F8R1$&G 6 8R&F0
R1&S 8* M/&. 6685M&F14G $&R&48;&$ G8
*F 16 M/& F855 .F8P;?
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/& GU6M/&M1! F8PM&G ;F&G&6M&$ 16 M/1G
G&!M186 &486. M8 M/& /F$ M&5;4M& 5&M/0
8$G 6$ !86G1GM 8* M/& !8M16. 8* 61861!
;84UGMUF&6& <= G;/&F&G S1M/ M/& $&G1F&$
G/&44 5M&F14G" !&F1 6$ M1M61 <&O
6$ 1O=?  G;/&F&G !6 & GU6M/&G1V&$
S1M/8PM $1**1!P4MU 16 RF18PG $15&M&FG 6$
F& &G14U F&58R&$ U &1M/&F $1GG84PM186 16
%% M84P&6&#:N #:- TU4&6& !86M1616.
MF15&M/U4516&:, 8F !/48F8*8F5#:J 8F U
!4!16M186 M  51615P5 M&5;&FMPF& 8*
,WW %? 8F M/& GU6M/&G1G 8* G14R&F !86M160
16. /8448S !&F1  <.N0&O 6$
.0&O#1.G : 6$ O# 6$= OOW 65
G;/&F&G S&F& !8M&$ S1M/ &O U /U$F80
4UG1G 8* &<!!=N 16  G840.&4 ;F8!&GG?:I 
/&  M&5;4M& SG F&58R&$ U !4!160
M186 M JWW % 16 8F$&F M8 8M16 /8448S
&O  S1M/  $15&M&F 8* :I,)OWW 65
6$ S1M/ :O)OW 65 M/1!3 S44G? /&U S&F&
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